The use of antibiotics disks as in vitro diagnostic aids for the determination of the antibacterial activity of various compounds is an established practice and has been well documented.
The official method of potency analysis for those disks described in the Code of Federal Regulations (2) is a horizontal agar diffusion assay, using disks of known potency. This technique has the advantage of conveniently confirming the antibacterial activity of the compound during the assay; however, large experimental uncertainties due to difficulties in the preparation of standard disks in the microbiological assay often yield results which are imprecise and which may only approximate actual values. Furthermore, investigators who wish to work with nonstandard antibiotic concentrations must often develop individual sets of appropriate experimental parameters for each antibiotic level to be tested. The use of high-pressure liquid chromatography (HPLC) as a sensitive and specific method for the analysis of antibiotics, especially B-lactam compounds, is becoming more and more accepted. Recent literature contains an increasing number of papers devoted to the HPLC analysis of ,B-lactam antibiotics including specific assay methods for mecillinam (7) , ampicillin (8, 12) , and cephalothin (9, 11) , to name a few.
Mecillinam is one of the new class of semisynthetic f8-amidino penicillins whose antibiotic properties have been described in detail (13) . Mecilhinam shows biological activity against gram-negative organisms and, when tested in combination with acylamino penicilling, also exhibits a synergistic effect against those organisms in vitro (6, 10 In an effort to develop an assay which could be used to determine antibiotic potencies for all of the disk samples, it was decided to investigate chemical methods which were both specific and sensitive enough to determine accurately the lowest level of each antibiotic that was present alone or in combination in these disks. The different chemical properties of each of these antibiotics led to the development of different analytical systems for each drug. These systems, however, are similar to each other and can be used for a wide range of drug levels, requiring only minor ad- RESULTS AND DISCUSSION Separation of antibiotics. Suitable separations of the compounds of interest-mecillinam, ampicillin, cephalothin, and carbenicillinfrom each other and from blank susceptibility disk extracts were achieved using the chromatographic conditions described for each compound in Materials and Methods and in Table 2 . Retention data for the antibiotics studied in the various mobile phases are also included in the It was observed previously (7) that reducing the nonpolar component of the mobile phase generally increased the retention times of the types of compounds involved in this study and generally improved separation among all the compounds. When the acetonitrile in the mobile phase was decreased, corresponding increases in separation and retention times were observed for each of the drugs extracted from the disks and for several small peaks attributed to minor amounts of degradation of the antibiotics. These peaks are also observed in intentionally degraded standard solutions, and the presence of these compounds did not affect the microbiological performance of the disks. Plate assays performed at the time of the HPLC analyses yielded potency values which were in good agreement with the HPLC data and were well within the specifications of 67 to 150% of label claim established for disks (3) . Linearity and precision of analysis. The linearity of the HPLC response for each antibiotic was calculated by a linear regression analysis of data for a series of standard weight injections. Data for the line y = m x + b for each drug is presented in Table 3 , including the range of sample weights injected, parameters for the lines,-and correlation coefficients for the regression analyses. In each case, correlation coefficients of 0.999+ indicate that excellent linear response is observed over the working range of analytical sample weights used in the experiments. The second part of averages and standard deviations for a series of six replicate injections of a single disk extract of each compound. Relative standard deviations of less than 2% demonstrate acceptable precision for these methods. Quantitation was achieved by peak area or height measurement with equivalent results for mecillinam, ampicillin, and cephalothin. The two biologically active isomers of carbenicilhin produced two peaks in the chromatogram of preparations of this compound. A detailed discussion of these epimers by Butler et al. (1) indicates that they possess indistinguishable antibacterial activity. Therefore, it was necessary to sum the areas of the isomer peaks to calculate the correct potency figure for this drug.
Susceptibility disk assay. Susceptibility disks were assayed by extracting the contents of one disk into an appropriate volume of sample solvent, filtering the solution to remove particulate matter, and injecting the resulting solution. Water was used as the sample solvent rather than mobile phase to reduce analyst exposure to acetonitrile. To demonstrate the equivalence of both sample solve-nts, a group of mecillinam disks was divided and extracted with either water or mobile phase. The average potencies of these samples determined by HPLC were 0.795 ± 0.088 and 0.794 ± 0.075 jig per disk, respectively. No interfering peaks due to paper extracts are observed in any chromatogram at the various levels of antibiotic present. Similar results were obtained for both ampicilhin and cephalothin, and as a result water was selected as a suitable sample solvent for those compounds. Carbenicillin, however, was observed to degrade significantly in water in less than 1 h, leading to scattered potency values and additional peaks in the chromatogram. The recommended solvent for the assay of disodium carbenicillin diagnostic sensitivity powder is pH 6.0 phosphate buffer (4) , and use of this buffer extended the sample solution stability to more than 4 h.
Initially, two different analytical procedures were investigated for disk analysis using mecillinam as a model. The first involved the extraction of a sufficient number of disks into 4 ml of water to produce a working mecillinam concentration of approximately 5 ,ug/ml. The assay value obtained from the average of two replicate determinations was reported as the average potency of the sample. An alternative procedure and the one which eventually was adopted in this laboratory is a single disk assay procedure which calls for the extraction of the contents of 1 disk into 1 ml of water. Five replicate samples are prepared and analyzed, and the data are averaged to yield the appropriate potency value. The single disk assay is more time consuming, requiring five determinations versus two for the first method; however, using the second method the investigator is able to obtain a value for the standard deviation of the series of individual potencies which is an indication of the uniformity of the disk samples. This method provides data similar to that obtained from the microbiological diffusion assay which also calls for individual disk assays for uniformity. Comparative data for both HPLC procedures was generated for a sample of 1-,ug mecillinam disks. The average potency determined for 20 disks extracted with 4 ml of water was 1.2 jig per disk whereas the average result of a series of 6 single-disk assays was 1.3 + 0.08 ,ug per disk. This standard deviation is slightly larger than that observed for drug standard solutions and, to determine whether the observed varianee is due to experimental error or to disk-to-disk variation, a series of six individual disks from one representative lot of each antibiotic was analyzed. Table 4 contains data derived from peak area measurements from solutions prepared by extracting the contents of a single disk in 1 ml of sample solvent. The relative standard deviations are not excessively large compared to the standard single solution analyses described in Table 3 and do not charge the precision of analysis by very much. These data indicate that the content uniformity of disks is well within the range required VOL. 16, 1979 376 HAGEL, WAYSEK, AND CORT (5) in the determination of 5-fluorocytosine by HPLC. These differences are a function of the precision of the microbiological methods and, in fact, contribute to the specification allowance of 67 to 150% of claim. 
